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ES71 ABSTRACT 

An IR source and method for generating IR radiation 
whereby a propellant is burned in a first chamber to 
produce a product gas which is exited through a critical 
exit, is accelerated to a supersonic velocity by expand- 
ing into a second chamber, is passed through a standing 
shock wave in the chamber to reduce the gas velocity to 
a subsonic level, is exited through radial orifices into a 
larger third chamber tvhere the gas is mixed to obtain a 
substantial uniformity in temper&e and specie, is ac- 
celerated by expansion 
and is exhausted to the 
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EXPENDABLE INFRARED SOURCE AND 
MmOD THEREFOR 

BACKGROUND OF THE INVENTION 

The present invention pertains generally to targets 
ad in partkular to a source of IR radiation for targets. 

Expendable SOURCES of infrared radiation are required 
for purposes such as target practicing and testing. The 
IR radiation, in about all circumstancing, must meet 
precise requirements as to wave length and intensity of 
radiation and to the spatial distribution of the radiation. 
If the IR source is attached to a tow target, severe 
restrictions on the thrust level must also be met. 

There are four types of expendable IR sources and 
each has serious limitations, Flares have been used as 
expendable IR sources. They are pyrotechnic devices 
which bum at atmospheric pressure and produce a 
high-intensityi point source of radiation. These devices 
are generally adequate at tailan aspect angles, but do 
not adequately simulate the scale factors of rocket or 
turbojet exhaust plumes at side-on aspect angles. 

Infrared radiation has also been obtained from seed- 
ing torch flames or the exhaust of gas generators, either 
did or liquid fueled. The advantages of this type are 
high source levels with little propulsive thrust and less 
.of a point-source character than flares have. The disad- 
vantages are the black-body nature of the radiation, 
smokiness and inadequate scale factors at side-on aspect 
angles. An example of this type of IR source is found in 
U.S. Pat. No. 3,946,555, issued on Mar. 30, 1976 to 
Philip J. Goede in which inorganic materials, capable of 
emitting after ejection a continuum infrared radiation in 
the wave length range of about 1 to 14 microns, are 
dispersed in a composite propellant. 

The exhaust from conventional rocket propellants 
after expanding through typical converging-diverging 
supersonic nozzles does produce IR emissions. Unfonu- 
nately, to achieve the required plume length and IR- 
source strength, unacceptably high thrust levels are 
produced which would disturb the aerodynamics of the 
tow target. Also, the required mass-flow rate and de- 
sired duration may be inconsistent with the payload 
capability of the tow target. Encouraging afterburning 
to increase IR output would reduce mass-flow-rate 
requirements and thrust level, but afterbuming in itself 
is an undesirable characteristic for many applications 
because it dlters the spatial distribution of radiation in 
the plume, which is important for side-on aspect angles. 

Another expendable infrared radiation source is a 
turbojet powered target drone which has carbon parri- 
cles injected into its exhaust plume to augment IR out- 
put. The disadvantages are black-body spectra a~ op- 
posed to line spectra of the emitted radiation and the 
smokiness of the exhaust. Also, this source of infrared 
radiation is not applicable to tow targets which are 
preferred over jet-powered target drones because of 
their reduced costs. 

lt is, therefccY. 1”~ an object of this invention to provids 
an expendable and inexpensive IR radiation SOUXP 
which has, for each given gas-generation rate, a mini- 
rnal reactive thrust and a maximum plume length and 
integrity. 
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Another object of the present invention is to produce 

IR radiation with a predictable IR intensity, i.e., after- 
burning with the surrounding air is minimized. 

A further object of the present invention is to provide 
line-spectra IR radiation as opposed to black-body Tadi- 
ation, i.e., JR emissions from gaseous products of corn-. 
bustion as opposed to emissions from solid particulate 
matter in the exhaust stream. 

These and other objects are achieved by combusting 
a propellant in a chamber to produce a hot, high-pra- 
sure product gas, exiting the product gas through a 
critical exit SO thaf the combustion process is controlled 
by rocket design principles, shocking down the product 
gas to a subsonic velocity which reduces the stamation 
pressure and thus the capability of the product to pro- 
pel, restoring uniform flow conditions, accelerating the 
product gas, and exiting the gas to the atmosphere. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 is a cross-sectional view of an infrared source 
of the present invention. 

FIG. 2 is a cross-sectional view of a detailed half 
section of a preferred infrared source of the present 
invention. 

DETAILED DESCRIITION OF THE 
INVENTION 

Referring to FIG. 1, IR source 10 is shown to com- 
prise a combustion chamber 11 containing an energetic 
composition 19 and having a critical exit 15, a shock 
chamber 13 fu;edly connected to and in commutication 
with the combustion chounber 11 through the critical 
exit 35, and a plenum chamber 21 fixedly connected to 
and in communication with the shock chamber 13 
through diffuser orifices 17. The plenum chamber 21 
exhausts to the atmosphere through etiaust means 23. 

The shock chamber 13 is centrally located in the 
plenum chamber 21. The end opposite to exit I5 is pref- 
erably blunt because of simplicity of construction and 
near that end is a plurality of radial orifices 17. The L/D 
for the chamber is preferably 1: 1 to 5: 1 and preferably 
2: 1 to 5: 1. The number and size of the orifices are se- 
lected to maintain a standing shock wave and exhaust 
the product gases subsonically, preferably at Mach 0.1 
to 0.5. 

The bcation of the shock wave is between the corn- 
bustion chamber exit 15 and the plane of the most up- 
stream radial orifices 17. Since the purpose of the shock 
is to reduce the energy and pressure of the product gas 
and to increase the temperature of the product gas, the 
preferred position of the shock wave is at or near the 
point of maximum velocit>f. 

Infrared source 10 operates through the burning of an 
energetic composition 19 which produces mostly gases 
with few solid products in the combustion chamber 11. 
The product gas enters the shock chamber 13 through a 
critical exit 15 which is preferably cowergently con- 
toured, e,g.? a nozzle. A critical exit is one in which the 
velocity of a fluid passing through has a Mach number 
of 1. 

- 

Upon entering the shock chamber the producr gag 
expands, increasing the gas velocity to supersonic lev- 
eis. The product gases pass down the chamber 10 a 
standkg shack wave cAv -ated bv the restricted outkt, 
’ he., the diffuser orifices ‘17. Thi shock chamber, thus, 
acts as a supersonic diffuser. Passage of the product 
through the standing shock wave is a nonisentropic 
process which results in a large entropy gain, a large 
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loss in stagnation pressure and a conservation of stagna- 
tion temperature. The static temperature and pressure 
are increased by the decrease in v&city to close to 
their maximum values, i.e., the value at zero velocity. 
Since the entropy gain is proponional to the amount of 5 
decrease in the gas velocity, it is preferred that the 
velocity of the product gas reaches at least Mach 2 and 
most preferably at least Mach 3 before passing through 
the standing shock wave. The net result of the shock- 
ing/diffusing process is the ~tablishment of high-tern- 10 
perature/low-pressure conditions in the plenum cham- 
ber 21. The high temperature provides the proper IR 
radiation and the low pressure insures little or no pro- 
pulsion. 

The terms: static temperature and pressure and stag- IS 
nation temperature and pressure are used in their ac- 
cepted meanings. Stagnation pressure and temperature 
are measured at zero velocity. They represent the maxi- 
mum temperature and pressure of a fluid stream. Static 
pressure and temperature are measured near the bound- 20 
ary layer of a fluid stream and represent the temperature 
and pressure of a stream in which a portion of the en- 
ergy of the system is in the velocity of the stream. 

Upon exiting the shock chamber, the product gas 
passes through a plenum chamber 2X. This chamber 25 
serves as a mixing chamber where the product gas is 
mixed to obtain a uniform temperature and specie distri- 
bution before being exhausted to the atmosphere 
thrdugh exhaust 23. The free volume of the plenum 
chamber 2X is sufficient to insure an adequate residence 30 
time (0.1 to 4 msec) to achieve adequate mixing. The 
LA3 of the plenum chamber is from 2;l to 5;l and ptef- 
erably 2.5: I to 4:l. Plenum chambers larger than these 
dimensions would bt effective, but they would not 
provide any benefit for the increased cost, would be- 35 
come too large for many target applications and would 
suffer substantial energy losses to the walls. 

An additional purpose of exhaust 23 is to give a fmlal 
adjustment to the velocity of the product gases, either 
increasing or decreasing the velocity in order to closely 40 
match the target speed. If the velocity of the product 
gas exhausting to the atmosphere is greater than the 
target, then thrust to the target would exist, thereby 
decreasing the stability of the tqet. Also the integrity 
of the exhaust plume would be too quickly destroyed by 45 
the shear forces between the relatively stationary atmo- 
sphere and the fast flowing exhaust. If the velocity of 
the exhausting gases is less than the target, the destruc- 
tion of the plume integrity would also be hastened by 
the shear forces generated. Consequently exhaust 23 is 50 
preferably sized to exhaust the product gases at about 
the velocity of the target. The preferred configuration 
of exhaust 23 is one or more nozzles. The single nozzle 
would produce a longer and narrower plume than 
would a multiple nozzle exhaust. The nozzle shape is 55 
preferred because of its relatively simple construction 
and the relatively low energy losses through the nozzle. 

FIG. 2 shows a cross section of the XR source X0 in 
detail that was used in the following examples. The 
outer shell of IR source 1Q is manufacrured in two metal 60 
stctions 29 and 31 which are joined by a union 33. The 
combustion chamber II is placed inside shel? 29 and the 
O-rings 35 establish a seal between the two. The COG- 
bustion chamber II comptises a nozzle 25, a shell 37, an 
insulator 39 and a spacer 41. A propellant 19 with an 65 
inhibitor liner 43 is placed inside the combustion cham- 
ber. Between the two sections 29 and 31, an insulating 
shim 45 and a back-up ring 47 are placed. The shock 

4 
chamber 13 comprises a shell 49, diffuser orifices 17 and 
an anti-erosion disc 51. The plenum chamber 21, defined 
by shelf 31, has an insuiatar 53 and an exhaust nozzle 27. 

The shell 37 defming the combustion chamber 11 is 
fabricated from a reasonably high-strength material, 
such as steel. The surface of shell 37 is protected from 
the heat and corrosive effects of the reaction by the 
insulator 39 made from a suitable material, e,g., pheno- 
lit or &epoxy plastic. At the exhaust port a converg- 
ing nozzle 25 is fabricated from an inert, high-tempera- 
ture material, such as graphite. It is sized to produce 
critical flow into the shock chamber 13. Between the 
propellant 19 and the shell 37 along with the insulator 
39 is a spacer 41 made from silicon rubber or a similar 
hxt resilient material. An insulating shim 45 made from 
phenolic or another suitable material is placed between 
sections 29 and 31 in order to reduce heat transfer from 
the combustion chamber Il. To give added strength to 
the insulating shim 45, a steel cz similar mate&J back- 
up ring 47 is added to the shim. 

The shell 49 of the shock chamber is fabricated from 
molybdenum or another high-temperature materiak 
The closed end uf the shuck chamber 13’is protected by 
an anti-erosion disc 51 made prefembly from graphite. 
A plurality of orifices 17 is placed radially in she11 49 as 
diffuser orifice 17. Orifices 17 upz into a larger &am- 
ber referred to as a plenum chamber 21. The shell 31 
which defmes the pIenun chmber 21 is protected by an 
insulating layer 53 which can be macle from a high 
temperature material such as a phen& or polyepoxy 
plastic, The gases in the plenum chamber 21 exit 
through nozzle 27 which is preferably made from 
graphite. 

In order to demonstrate the effectiveness of the pres- 
ent inventjon the foIlowing exmples are given. It is 
understood that these examples are given by way of 
illustration and are not intended to tit this disclosure 
or the claims to follow in any manner. 

EXAMPLE 1 
The XR source of this invention which was tested was 

50 cm, in overall length and 15 cm. in diameter. The 
shock chamber had a length of 15 cm., an inner diame- 
ter of five cm., a sonic (critical) inlet nozzle with a 
cross-sectional area of 0.13 sq. cm., and eight diffuser 
orifices with a total cross-sectional area of one sq. cm. 
The plenum dhamber had an inner diameter of nine cm., 
a length of twenty cm. and an exit nozzle with an inner 
diameter of five cm. at the exit. 

The propellant used in the experiment was the stan- 
dard .4HH cast double-base propellant, which comprise 
40 weight percent nitroglycerin, 40 weight percent 
nitrocellulose, and 20 weight percent of other ingredi- 
ents. The AHH designation is the one given by the 
Chemical Propulsion Information -4gency (CPIA) in 
their specifications and standards for approved propel- 
lants. The propellant was inhibited 5~ cellulose acetate 
and asbestos phenolic was used for motor insulation. 
The propellant generated a product gas at a rate of 0.21 
kg-see at 50 atm. and had a flame temperature of about 
2300” C. and a C&, of 1,24. About 4-W gm was used in 
the firing. 

The product leas, after exiting the sonic inlet nozzle, 
expanded to the 5,cm. diameter shock-chamber wall 
and reached a Mach number of abut 3.4 with a static 
temperature drop of about 500” C. A strong normal 
shock was established in the flow passage of the shock 
chamber. At steady-state operation the normal shock 
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stood off the end plate of the shock chamber far enough 
to have allowed a 0.21 kgkec gas-flow rate to exit the 
shock chamber radially through the diffuser orifices. At 
steady state operation, the product gas, after the shock 
wave, had a Mach number of 0,4, a static pressure of 
about two atmospheres and a static temperature of 
about 2100” C. 

a supersonic diffuser means in communication 
through said critical exit with said combustion 
chamber, whereby the velocity of said product gas 
is reduced to a subsonic level; 

5 a plenum chamber in communication with said super- 
sonic diffuser means wherein the gas-flow streams 
of said product gas exiting from said supersonic 
diffuser means are mixed. said plenum chamber 
having an exhaust means for exhausting said prod- 
uct gas to the atmosphere. 

Shock chamber and plenum chamber conditions were 
calculated, as were exhaust plume length and IR inten- 
sity. Performance of the 1R source was then determined 
by comparing the observed plume length and intensity 
(4-6 foot length, 400 watts/steradian @ &+,S microns) 
with calculated values. Exhaust plume characteristics 
were grossly different from what this propellant and gas 
generation rate would produce if the product gases 
were exhausted through a standard convergent/diver- 
gent supersonic rocket nozzle. Obsemations were made 
with IR radiometers (for’intensity) and Thermo-Vision 
far IR plume length. Observed values agreed dosely 
with calculated IR source performance. 

EXAMPLE II 
The exit conditions of the exhaust gases of the previ- 

ous example were compared to a rocket firing the same 
propellant. Table I summarizes the results. 

TABLE I 
units 1.R Rocket 

Static Temp. ‘C. 2253 1122 
- static Press am 1.8 1.8 

Stagnation Temp l c* 2329 2329 
Stagnation Press am 2.1 47.6 
Mach No. 0.5 2.7 
Thnut kg 5.6 13 
Plume Length 

xnthx 
1.8 0,14 

Vclaci? y 519 2827 

The results from Examplti I and II confirm that 
passing through a normal standing shock wave is a 
non-isentropic process which results in a large entropy 
gain and a large loss in stagnation pressure. Stagnation 
temperature is not lost, however, and the net result of 
the shocking/diffusing process is the establishment of 
high-temperatureflow-pressure conditions in the ple- 
num chamber. Accelerating the product ‘gas through 
the exhaust nozzle results in a high-thermal energy, 
low-kinetic-energy exhaust stream which deliver a 
much lower propukve force (less than one half) than 
that of a normal rocket of the same mass-flow rate and 
exit static pressure. The high exit temperature (more 
than double) ‘and slow mixing rates of the shock-free 
exhaust plume result in a longer (nearly 13 X) more 
intense infrared plume than that which is produced by a 
normal rocket at the same mass-flow rate. 

Many obvious modifications and embodiments of the 
specitic invention, other tha those set forth above, will 
readily come to mind to one skilled in the art having the 
benefit of the teachings presented in the foregoing de- 
scription and the accompanying drawings of the subject 
invention and hence it is to be understood that such 
modifications are included within the scope of the ap- 
pended claims. 

What is claimed as new and desired to be secured by 
Letters Patent of the United States is: 

1. An infrared-radiation source for simulating the 
plume produced by a reactive engine which comprises: 

a com’t,ustjon chamber wherein an energetic cOmpO- 
sition is reacted to produce a hot. high-pressure 
product gas, said chamber having a criricai exit. 
thereby enabling the combustion process to be 
controlled by the rocket motor design; 
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2. The infrared-radiation sowee of ciaim 1 wherein 
said supersonic diffuser means comprises a substantially 
cylindrical chamber having a plurality of radial orifices 
near the end opposite to said critical exit, said orifices 
being sized for evacuating said pruduct gas and produc- 
ing a sternding shock wave in said chamber. 

3. The infrared-radiation source of claim 2 wherein 
said orifices are sized to produce a standing shock wave 
in said chamber at or near the point of maximum v&c- 
ity. 

4. The infrared-radiation source of claim 2 wherein 
the L/D ratio of said chamber is from 2:l to 5: 1. 

5. The infrared-radiation source of claim 3 wherein 
the L/D ratio of said chamber is from 2~1 to 51. 

6. The infrared-radiation source of claim 2 wherein 
said plenum chamber is sized so that the transit time of 
said product gas is from about 0.1 msec to about 4 msec. 

7, T)le infrared-radiation source of claim 5 wherein 
said plenum chamber is sized so that the transit time of 
said product gas is from about 0.1 msec to about msec. 

8. The infrared-radiation source of claim 6 wherein 
said exhaust means is sized so that said product gas is 
exhausted from the plenum chaa3ber at a subsonic ve- 
locity, thereby producing a shock-free plume of predicr- 
able IR intensity. 

9. The infrared-rsdiation source of claim 7 wherein 
said exhaust means is sized so that said product gas is 
exhausted from the plenum chamber at a subsonic 
velocity, thereby producing a shock-free plume of pre- 
dictable IR intensity. 

3Q. The infrared-radiation source of claim 8 wherein 
said exhaust means is sized so that said product gas is 
exhausted at a velocity approximately equal to that of 
said infrared-radiation source in motion. 

11, The infrared-radiation source of claim 9 wherein 
said exhaust means is sized so that said product gas is 
exhausted at a velocity approximately equal to that of 
said infrared-radiation source in motion. 

12. A process for generating fR radiation to simulate 
the plume produced by a reactive engine which corn- 
p&s: combusting an energetic comwsition in an en- 
closure to produce a product gas; exkin_e said product 
gas from said enclosure at Mach 1; accelerating said 
product gas to a supersonic velocity; passing said prod- 
uct gas through a standing shock wave to reduce the 
velocity of said product gas to a subsonic velocity and 
to reduce the stagnation pressure of said product gas, 
mixing s&l product gas to obtain a substantially uni- 
form temperature and specie distribution, and exhaust- 
ing said product gas to the atrwsphere. 

13. The process of claim 12 wherein the supersonic 
velocity of said product gas is at Mach 2. 

14. The process of claim 12 wherein the supersonic 
velocity* of said product gag is at least Mach 3. 

15. The process of claim 14 wherein said Sas is ex- 
hat&d to the atmosphere at a subsonic velocity. 

16. The process of &aim 14 wherein said gas is e-x- 
hausted to the atmosphere at zpproximatel>j the same 
velocity as that of said infrared-radiation device in ~IIG- 
tion. 

* l l 8 l 


